The ethanolic extract of Boesenbergia rotunda (L.) Mansf. was studied for its wound-healing potential. Since wound healing is interrelated with microbial infection and reactive oxygen species (ROS), this study was conducted to evaluate the antimicrobial and antioxidant activity of B. rotunda. The antimicrobial activity of B. rotunda was studied against six bacterial and two yeast strains using disc diffusion, minimum inhibitory concentration (MIC), and minimum microbicidal concentration (MMC). The B. rotunda extract displayed potential antimicrobial and antifungal activities by inhibiting the Gram-positive bacteria Staphylococcus aureus (ATCC 25923), S. epidermidis, and Bacillus subtilis (ATCC 6633), and the yeasts Candida albicans (ATCC 10231), and Saccharomyces cerevisiae. MIC and MMC values varied from 0.04 to 25 mg/mL and from 0.16 to 25 mg/mL, respectively. The antioxidant activity of B. rotunda was evaluated by measuring the Ferric Reducing/Antioxidant Power (FRAP) and DPPH free radical scavenging activity. The FRAP and DPPH values were 22.2 µM /ug and 76.3 mg/mL, respectively. In the wound-healing studies, the topical application of the B. rotunda extract indicated a significantly increased percentage of wound contraction on day 12 compared with the control group. Histological studies showed the complete epidermis and found collagen fibers and hair follicles in the dermis. The results of the present study support the continued and expanded utilization of B. rotunda in Thai folk medicine.
Over 80% of the world's population depends upon traditional medicine to treat various skin problems, including wound infections [1a] . The ethnomedical use of plant preparations in rural areas for treating wounds is reported for plants from South Africa [1b], Turkey, [2] , Vietnam [3] , and Thailand [4] . In Thailand, most of the population still depends on crude extracts from plants for medicinal purposes. Many Thai herbs are commonly used for wound healing, such as Centella asiatica [5] , Garcinia mangostana, Aloe vera [6] , and Boesenbergia rotunda [7] . B. rotunda, previously known as Boesenbergia or Kaempferia pandurata Schult, is a member of the ginger family (Zingiberaceae). In Thailand, B. rotunda, or "Krachai" in Thai, is commercially cultivated and distributed in the provinces of Kanchanaburi, Nakhon Pathom, Nakhon Sawan, and Ratchaburi. Fresh B. rotunda rhizomes have a characteristic aroma and a slightly pungent taste and are used for cooking in traditional medicine to promote health. It is a folk medicinal plant that is used for both its aphrodisiac properties and for treating dyspepsia. The extract of B. rotunda was reported to contain various chalcones [8] , flavonoids [9a] , flavones [9b], and essential oils. Pinostrobin, a flavanone from fingerroot, can elevate the enzymatic activity of quinone reductase (an antioxidant enzyme) by 500,000 units per gram [9c]. Moreover, B. rotunda was demonstrated to possess antimicrobial [9d], antimutagenic [10] , and anti-inflammatory activities [11a] , as well as analgesic and antipyretic effects [11b]. Because B. rotunda is an ethnomedicinal plant that is popularly used in Thailand, this study examines its wound-healing properties and other related activities, including antioxidant and antimicrobial effects. Previous studies have shown that many medicinal plants that accelerate wound healing also contain antioxidant and antimicrobial activities [12, 13] . The objective of this study is to investigate the ethanolic extract of B. rotunda for antimicrobial, antioxidant, and wound-healing activities.
Phytochemical screening revealed that the B. rotunda extract contained flavonoids, alkaloids, and phenolic compounds, but lacked tannins and saponins. The B. rotunda extract was screened for its possible antioxidant activity through two methods, DPPH and FRAP assays. The FRAP and DPPH values were 22.2 µM/µg and 76.3 mg/mL, respectively. The DPPH free-radical scavenging activity of the B. rotunda extract was not as strong as the potent antioxidants, vitamin E (14.8 mg/mL) and butylated hydroxytoluene (BHT; 19.7 mg/mL) [14a,b] . However, these results indicate that the B. rotunda ethanolic extract exhibited moderate antioxidant activity toward scavenging free radicals. The antimicrobial activity of B. rotunda extract was evaluated using the disc diffusion method. Clear zones were produced by B. rotunda extract on Gram-positive bacteria and yeasts (data not shown), and the MIC and MMC values were determined (Table 1) . Good activity was observed against the three Gram-positive bacteria, moderate activity against the two yeasts, but the extract was inactive against the Gram-negative bacteria.
To examine the wound healing activity of the B. rotunda extract, the plant extract was used in the treatment of wounds on rats by excision and linear incision wound models. For the linear incision wound model (Figure 1 ), there was no difference between the animals treated with 10% and 20% plant extract compared with those treated with pure petroleum gel or the reference drug Terramycin. The histological results showed that the epithelium tissue on the epidermis fully recovered, and scar tissue appeared on the dermis. Moreover, the collagen fiber found around the wound area was similar in all groups. The percent contraction, which signifies the progression of the healing of the wound, on the excision wound model is shown in Figure 2 . The contraction between wounds treated with the B. rotunda plant extract and wounds treated with Terramycin was comparable. The percent contraction of the wound treated with the plant extract was significantly higher than that of the group treated with pure petroleum gel on day 12. Using either 10% or 20% of the B. rotunda extract did not produce any significant difference in percent contraction. For the histological evaluation of the excision wound model (Figure 3 ), fully recovered epidermis was observed on day 8 for the wounds of the groups treated with 10% plant extract, 20% plant extract, and Terramycin, but not for the group treated with pure petroleum gel. Active fibroblasts and angiogenesis were found in the dermis. Moreover, the group with wounds treated with the B. rotunda extract possessed more collagen fibers than any of the other groups on day 8. The microanatomy of the wounds had a similar appearance in all groups on day 14. These results confirm that the B. rotunda extract accelerates the wound-healing process.
A wound is the disruption of the cellular and anatomic continuity of tissue [14c]. All wounds disrupt the local environment and the homeostasis within the tissue, which results in bleeding, the contraction of vessels, coagulation, the activation of tissuen complement, and other inflammatory responses [14d]. Normally, the response to tissue injury is a timely and orderly healing process that results in sustained restoration of anatomic and functional integrity [14e]. However, wound repair is not a simple process and can be complicated by processes such as cell-cell and cell-matrix interactions mediated by humoral messengers and function [15] . When a wound is exposed to the environment, it is more likely to be invaded by various microorganisms, which attack through the skin and delay the natural wound-healing process [16] . Our results demonstrate the antibacterial activity of B. rotunda against Grampositive bacteria and yeasts. These results confirmed that the compounds in the crude extract are responsible for the effective antimicrobial activity. Compared with some other medicinal plants, B. rotunda has relatively strong antimicrobial activity [17, 18] . The use of B. rotunda for various skin infections is supported by this work, as it showed commendable activity against all the test organisms. External application of the extract on the wound prevented the microbes from invading it, resulting in the protection of the wound against infection.
Moreover, molecular oxygen plays a central role in the pathogenesis and therapy of the wound. The overproduction of reactive oxygen species (ROS) results in oxidative stress, thereby causing cytotoxicity and delayed wound healing. Therefore, eliminating ROS could be an important strategy to heal chronic wounds [19] . Previous studies found that potent antioxidants, such as vitamin E and BHT, were able to accelerate the wound-healing process [20,21a] . The antioxidant activity of B. rotunda was confirmed by both FRAP and DPPH assays. Although not as potent as vitamin E and BHT ( The crude extract of B. rotunda significantly stimulated wound contraction, compared with pure petroleum gel ( Figure 2 ). Our results confirmed both the antibacterial activity of B. rotunda against various skin pathogens, as well as its antioxidant activity. The external application of the B. rotunda extract could prevent the microbes from invading the wound, which results in the protection of the wound against infection. Simultaneously, the use of the extract captured the free radicals released from the cells surrounding the wound, which is an inherent cytoprotective mechanism. Therefore, the synergistic effect of both antimicrobial and antioxidant activities may have accelerated the wound-healing process. In conclusion, this study confirms the antioxidant, antimicrobial, and wound-healing activities of the ethanolic extract 
Experimental

Extract preparation and phytochemical screening:
Rhizomes of B. rotunda were collected from Pathumthani. The collected plant material (rhizomes) was washed thoroughly in water, cut into small pieces and soaked in 95% ethanol at a ratio of 1:1 for one night at room temperature. After extraction, the samples were filtered through Whatman No. 1 filters, and dried using a lyophilizer. The extract was kept at -80 o C. The ethanolic extract and the fractions isolated from it were screened for various phytoconstituents according to the methods described by Harborne [21d] .
Determination of ferric reducing/antioxidant power:
The total antioxidant potential of the sample was determined using the ferric reducing ability of the plasma FRAP assay as a measure of antioxidant power. The FRAP assay measures the change in absorbance at 593 nm due to the formation of a blue-colored FeIItripyridyltriazine compound from the colorless oxidized FeIII formed by the action of electron-donating antioxidants. Briefly, the plant extract was diluted to a ratio of 1:10 in 100% ethanol, added into FRAP reagent, and incubated for 5 minutes at room temperature. The absorbance at 593 nm was was determined. The experiments were performed in triplicate.
DPPH radical scavenging test:
The DPPH radical-scavenging activity test was applied following the method described previously [21e]. Briefly, 0.08 mM DPPH was prepared in 100% ethanol. DPPH solution, tris buffer solution, and 80% ethanol were mixed in order to obtain a 1:1:1 ratio for 1.8 mL. Then, the plant extract (0.6 mL) was added and incubated for 30 minutes in the dark. Absorbance measurements commenced immediately. The absorbance at 525 nm was determined. The experiments were performed in triplicate. Sabouraud Dextrose Agar (SDA), respectively. Each sterile blank disc (Difco, Becton Dickinson) (6 mm in diameter) was impregnated with 20 µL (6 mg/disc) of the extract and dried at 25°C aseptically. After complete drying, the discs (in triplicate) were placed on the surfaces of agar plates that were preinoculated with test bacterial cultures and incubated at 37°C for 18-24 h. Dimethyl sulfoxide (DMSO) was used as the negative control. Gentamycin 10 µg/disc and amphotericin B 30 µg/disc were used as positive controls for bacteria and fungi, respectively. The size of the zones of inhibition was measured using a Pakimeter (Vernier, Mitutoyo), and the antimicrobial activity was expressed in terms of the average diameter of the zone of inhibition in mm. The absence of a zone of inhibition (≤ 6 mm) was interpreted as the absence of activity.
Disc diffusion method:
Determination of minimum inhibitory concentration (MIC):
For MIC determination, 0.5 McFarland turbidity of bacterial culture, diluted 200 times, was added to a 96-well culture plate. Different concentrations of crude extract were added. For the negative control, 2% DMSO was used. The plate was shaken at 130 rpm at 37°C overnight, and then, 20 µL of 1 mg/mL resazurin was added to each well. The color change was then assessed visually. Any color changes from purple to pink or colorless were recorded as positive.
Determination of minimum microbicidal concentration (MMC):
MMC was determined by sub-culturing the test dilution on to a fresh drug-free solid medium and incubating for a further 18-48 h. The highest dilution that yielded no single bacterial or yeast colony 
Wound healing activity test by using excision and linear incision wound models:
Male Sprague Dawley rats were purchased from the National Laboratory Animal Center, Salaya, Mahidol University, Bangkok. The animals were left for 1 week under room conditions for acclimatization. The animals were housed in standard environmental conditions with a temperature of 25 ±1ºC, humidity 60% and a 12 h light and 12 h dark cycle. The study was carried out following the guidelines of the principles of laboratory animal care. The animals were anesthetized by diethyl ether. The paravertebral of the animals was shaved and sterilized with 70% ethanol. For the excision wound model, a 4 mm diameter wound was made with a Punch biopsy instrument. For the linear incision wound model, two linear-paravertebral incisions of 5 cm in length were made with a sterile blade through the full thickness of the skin at a distance of 1.5 cm from the midline of each side of the vertebral column. The wounds were surgically closed. The animals were divided into 4 groups with 5 animals per group. In this study, the extract was mixed with pure petroleum gel to a final concentration of 10% and 20%, w/w. The plant extracts, terramycin ointment (the positive control), and the vehicle (pure petroleum gel) were topically applied once a day for 9 days. All the sutures were removed on the 9th postwound day. On day 10, all the animals were killed with diethyl ether anesthesia. One linear-paravertebral incised skin sample was measured; the other incised skin sample was sent for histopathological examination.
